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Methods

Ethical considerations
The study was approved by the Mayo Clinic Institutional Review Board (protocol and adhered to the principles described in the Declaration of Helsinki. Informed verbal consent was obtained from study participants. Participants were notified that their participation was voluntary and had no impact on their clinical care. No payment or remuneration was offered as a result of participation. The study excluded minors and respondents who were not business executives or other professionals. The reporting of this study is in compliance with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement [31] .
Study design
The study was designed as a cross-sectional survey of participants of the Executive Health Program at Mayo Clinic (Rochester, Minnesota) from January 1, 2012, through September 30, 2016. The Executive Health Program at Mayo offers a comprehensive, preventive medical evaluation and serves to provide focused access to health care. This program primarily serves busy executives, business and other professionals, their spouses, and others who choose (self-select) to have this level of service.
Survey administration
Potential participants received an introductory letter that detailed the study aims, provided information about the study risks and benefits, and indicated the time needed to complete the survey (approximately 30 minutes). Surveys were distributed by clinical assistants at the first contact with participants during the check-in process. Participants were asked if they had previously completed the survey, and they were requested to decline participation if they had taken the survey earlier. Participants completed the survey while waiting for their clinical appointments. Completed surveys were deposited into a locked collecting receptacle in the waiting lounge; surveys were collected on a weekly basis. Survey data were entered into an electronic database using the (Research Electronic Data Capture (REDCap) data entry system [32] .
Survey instrument
The survey instrument consisted of greater than 200 items developed in collaboration with Mayo's Survey Research Center. No identifying information was collected. This extensive survey asked participants to self-report demographic data and information regarding their work and personal factors that may contribute to stress. A portion of this instrument, with items focused on mental health diagnoses and 3 validated scales, were used in the current study. The scales were the 10-item Connor-Davidson Resilience Scale (CD-RISC) for assessing resilience [33, 34] , the 12-item Linear Analog Self-Assessment (LASA) for assessing quality of life [35] , and the 14-item Perceived Stress Scale (PSS) for assessing stress [36] .
Each item in the CD-RISC is phrased in such a way that a higher endorsement of the statement indicates higher resilience (0 = not at all true, 1 = rarely true, 2 = sometimes true, 3 = often true, and 4 = true nearly all the time). People in the lower-resilience category tend to score individual items in the "not at all true" to "sometimes true" range; those with medium resilience tend to score more items as "often true"; and those with higher resilience tend to score items as "true nearly all the time." Based on their CD-RISC score, participants were divided into 3 cohorts, as described in the statistical analysis section below.
Statistical analysis
The CD-RISC score was calculated as the sum of the 10 resilience items; we included data only from participants who answered all 10 items. Possible CD-RISC scores ranged from 0 to 40. Scores were stratified into 3 groups: lower resilience (CD-RISC score <30), medium resilience (score 30-34), and higher resilience (score �35). These categories were based on population data [37] on CD-RISC showing a 25thpercentile score of 29, a 50th percentile score of 32, and a 75th percentile score of 36.
The overall LASA score was calculated as the average score of answered items; we included data only from those who completed at least 6 of the 12 items. Possible scores for individual items and the overall score ranged from 0 to 10. In calculating the overall LASA score, answers were reversed on the response scale as needed (eg, questions regarding frequency and severity of pain, fatigue) so that all were oriented in the direction of higher scores indicating better quality of life.
The PSS score was calculated as the sum of 14 items; we included data only from participants who answered at least 7 items. Possible PSS scores ranged from 0 to 40. In cases when not all PSS items were completed, the mean of the completed items was multiplied by 14. Answers were reversed on the response scale as needed so that higher scores indicated greater stress.
All participant characteristics are summarized with frequencies and percentages. The mean (SD) of the individual LASA items, overall LASA score, and PSS were compared among CD-RISC categories by using analysis of variance F tests. Participant characteristics, as well as the percentage of participants reporting anxiety, depression, bipolar disorder, or other mental health conditions, were each compared among CD-RISC categories with χ 2 tests. Age was included categorically in the survey and compared using Kruskal-Wallis tests. In addition to overall comparisons, we also included pairwise comparisons using the same statistical tests noted above. The association between the noncategorized CD-RISC score with the LASA and PSS scores was quantified with Pearson correlations [38] . Adjusted associations between CD-RISC category (X) and the overall LASA score (Y) were assessed with a linear regression model, adjusting for the following covariates: age, education, gender, marital status (married vs unmarried), income, current meditator status, and race (white vs nonwhite). Adjusted associations with PSS score were assessed with the same method, whereas self-reported depression or anxiety were assessed with logistic regression models. P values less than .05 were considered statistically significant. All analyses were conducted with SAS (version 9.4; SAS Institute Inc).
Results
Of the 2,027 eligible participants in the Executive Health program, 1,954 (96.4%) completed the 10-item CD-RISC. These participants constituted the final cohort for analysis in this study (Fig 1) . The majority of participants (78.3%) were male, married or in a committed relationship (89.7%), and white (95.3%). Most had either a 4-year college degree (35.6%) or a graduate or professional degree (50.6%). Most participants were 40 to 59 years old (62.5%). Household incomes of $500,000 or more were reported by 39.0%, and 58.1% had incomes ranging from $100,000 to $499,999. Fourteen percent of respondents reported that they currently practiced meditation. Table 1 summarizes the demographics of the study cohort.
Based on their scores on the 10-item CD-RISC, participants were categorized by selfreported resilience level. Participants with higher resilience (CD-RISC score �35) made up the largest group (n = 814 [41.7%] ). Those with medium resilience (score 30-34) accounted for 34.3% of the cohort (n = 671), and those with lower resilience (score <30) were 24.0% of the cohort (n = 469). Participants with higher resilience had higher income (P < .001) and more commonly meditated (16.1% for higher resilience, 11.7% for lower resilience; P = .04). None of the remaining participant characteristics differed significantly across the CD-RISC categories.
For the LASA scale, the average quality-of-life scores and overall score were each positively associated with higher resilience in overall comparisons (P < .001) and in pairwise analyses (P < .05). The correlation between the overall LASA score with CD-RISC score was 0.40 (P < .001); medium-and high-resilience participants had average LASA scores that were 0.5 or 1.0 points higher, respectively, than scores from participants with low resilience. After adjusting for education, age, gender, white race, income, current meditator status, and marital status, the association between overall LASA and resilience was unaffected. After adjusting for these participant characteristics, average LASA scores for medium-or high-resilience participants were 0.51 and 0.92 higher, respectively, than those with low resilience (similar to the unadjusted differences reported above; P < .001). Conversely, the PSS score was negatively associated with resilience in overall comparisons (P < .001) and in pairwise analyses (P < .05), with average PSS scores being 23.2, 18.3, and 14.1 in the lower-, medium-, and higher-resilience categories, respectively (correlation, −0.55; P < .001). The adjusted association between PSS and resilience was unaffected. After adjusting for the participant characteristics, average PSS scores were 5.0 and 9.2 lower for those with medium or high resilience, respectively, compared with participants with low resilience (similar to the unadjusted differences of 4.9 and 9.1; P < .001). Table 2 summarizes the stress and well-being measures, Fig 2A and 2B illustrate the distribution of the overall LASA and PSS by resilience level categories, and Fig 3A and 3B illustrate the correlations of LASA and PSS with resilience on a noncategorized scale.
The percentage of participants indicating a history of depression, anxiety, or bipolar disorder was significantly higher among those reporting lower resilience in overall comparisons (P < .001) and in pairwise analyses (P < .05). As compared with those with low resilience, the odds ratios (ORs) for depression were 0.45 and 0.21 for those with medium and high resilience, respectively. Adjusting for education, gender, age, marital status, income, current meditator status, and white race had little effect on these results for depression (adjusted ORs, 0.47 and 0.20; P < .001 for both). Results were similar for anxiety; as compared with those with low resilience, the ORs for anxiety were 0.53 and 0.30 for those with medium and high resilience, respectively. The adjusted ORs for anxiety were 0.53 and 0.30 (P < .01 for both). The number of individuals reporting bipolar disorder was too low for adjusted analyses. Table 3 summarizes the mental health diagnoses self-reported by the study cohort. Abbreviations: CD-RISC, Connor-Davidson Resilience Scale; GED, General Education Development. a Percentages were calculated by using the total number of respondents for each question as the denominator. b Resilience groups were defined by the CD-RISC score. Lower resilience was defined as a score <30; medium resilience, 30-34; higher resilience, �35.
c Statistically significant pairwise differences were identified only for household income (lower vs higher resilience, P < .001; medium vs higher resilience, P = .001) and current meditator status (lower vs higher resilience, P = .04). d Statistical test compares white vs nonwhite (all nonwhite groups combined).
https://doi.org/10.1371/journal.pone.0218092.t001
Discussion
This large cross-sectional survey of executives showed that participants with higher resilience reported a higher quality of life and perceived less stress than those with medium or lower resilience. The association was unaffected by adjustments for education, age, gender, race, marital status, income, and current meditator status. Further, the self-reported history of depression, anxiety, and bipolar disorder was significantly different across levels of resilience, with the lower-resilience cohort reporting a 4-fold higher prevalence of depression compared with the higher-resilience cohort. A moderately positive correlation was observed between resilience and quality of life, and a moderately negative correlation was observed between resilience and perceived stress. Our results are consistent with previous studies that assessed the association of resilience with stress and well-being measures, psychological distress, and mental health diagnoses. Our findings are supported by the prior studies that have been conducted in various patient groups, including renal transplant recipients [39] , patients undergoing hematopoietic stem cell transplant and their relatives [40] , patients with cancer [41, 42] , patients with head and neck cancer [43] , patients with digestive system cancer [44] [45] [46] , trauma patients [47] , patients with rare health conditions [48] , and patients with spinal cord injury [49] .
Two groups of studies have evaluated the positive association between resilience and better mental health among healthy adults. The first set of studies, predominantly of university students, showed that higher resilience was consistently associated with lower psychological distress and better mental health [50] [51] [52] [53] [54] [55] [56] [57] . The second group of studies evaluated the effect of resilience in specific demographic groups of adults. Among the professional groups, the most commonly studied workers were in health care and included nurses, physicians and midlevel practitioners, and health professionals in a critical care setting [24-28, 58, 59] . Others have studied refugees [60] , veterans [61] , tennis players [62] , Spanish athletes [63] , couples with infertility undergoing in vitro fertilization [64, 65] , and healthy adults [66] . Although most of these studies were small and had narrow demographic groups, the association between resilience and better mental health was consistent.
Our study is novel in that it explores the role of resilience as a protective factor in the corporate setting. The large inverse association of resilience with anxiety and depression was noteworthy, with an almost 3-fold higher prevalence of anxiety and a 4-fold higher prevalence of depression in the lower-resilience group compared with the higher-resilience group. In a previous study, designed as an online survey of workers, lower resilience similarly had a strong association with a higher prevalence of depression for environments with low and high work strain [30] . Given the high prevalence of stress in the corporate environment and mental health diagnoses in this executive population, promoting resilience at workplaces through organizational and individual interventions may be a strategy that helps buffer the negative consequences of workplace stress [67] [68] [69] [70] [71] [72] .
Our study has several limitations, including the cross-sectional design, self-reported outcomes, and predominantly male cohort. The cross-sectional design shows only associations but not causative relationships, and our ability to discern the direction of association is limited. Self-reported outcomes affect the validity of the results. The lack of demographic diversity limits the generalizability of our study findings.
In summary, we report that high resilience was associated with significant and meaningful differences in stress and well-being measures and mental health diagnoses among corporate executives. The large differences noted in our study suggest that interventions to enhance resilience, at the individual and organizational level, may help mitigate negative consequences of work-related stress. 
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